Introduction
The western flower thrips, Frankliniella occidentalis (Pergande) (Thysanoptera: Thripidae), is a very destructive invasive species around the world. F. occidentalis feeds on plants directly and also can transmit many plant viruses (Brødsgaard, 1994; Jones et al., 2005; Brunner & Frey 2010) . In China, F. occidentalis was first found in Beijing in 2003 (Zhang et al., 2003 , and a recent investigation revealed that this pest has spread to more than 10 provinces (Chen et al., 2011; Zheng et al., 2014) . Tomato spotted wilt virus (TSWV, genus Tospovirus, family Bunyaviridae) is transmitted in a circulative and propagative manner by thrips (Ullman et al., 1992) . TSWV infects and causes disease in hundreds of plant species, including many vegetables and ornamentals (Moyer, 1999) . The nearly worldwide occurrence of TSWV epidemics can be related to the worldwide dispersal of its most efficient vector, F. occidentalis (Reitz & Funderburk 2012) . In China, TSWV was first isolated from peanut (Arachis hypogaea) from Guangdong Province in 1984 (Xu et al., 1988) . During the past one decade, TSWV has spread quickly in China following the introduction and spread of F. occidentalis.
In order to better understanding the molecular basis and facilitate the development of integrated pest management strategies of F. occidentalis and TSWV, Illumina sequencing platform was used to generate the transcriptome of F. occidentalis (Zhang et al., 2013) .
Specifically, a total of 51,391,358 clean reads were generated from F. occidentalis, and the reads were de novo assembled into 192,285 contigs and 59,932 unigenes (Zhang et al., 2013) . To take advantage of these genomic resources, establishing a standardized Quantitative real-time PCR (qRT-PCR) procedure in F. occidentalis following the MIQE (Minimum Information for publication of Quantitative real time PCR Experiments) guidelines (Bustin et al., 2013) will be instrumental for the subsequent genomics and functional genomics studies in this pest.
Although qRT-PCR is one of the most speedy, reliable, and reproducible techniques for measuring and evaluating gene expressions during different biological processes (Vandesompele   11   12   13   14   15   16   17   18   19   20   21   22   23   24   25   26   27   28   29   30   31   32   33   34 et al., 2002) , limitations still exist, including RNA quality and quantity, efficiency of reverse transcription and PCR reaction which can influence threshold cycle (Ct) values (Vandesompele et al., 2002; Strube et al., 2008; Bustin et al., 2005 et al., 2002; Mandal et al., 2008) .
The inoculum was mechanically transmitted by rubbing the ground material onto the upper leaves of the experimental pepper plants, which had been dusted with diatomaceous earth. Pepper plants were inoculated at the three true-leaf stage (Pan et al., 2013) . After two weeks, infection was determined for inoculated by the molecular methods (Mason et al., 2003) . Control plants handled with the inoculum grinding health plant material.
Nonviruliferous and viruliferous Frankliniella occidentalis
Healthy and TSWV-infected pepper leaf discs (diameter, 26mm) were obtained using a cork borer. Each leaf was kept in a ventilated vial covering 3 ml 1.0% agar on the bottom to keep the leaves fresh. 30 of the first instar larvae maintained on the healthy and TSWV-infected discs in 
Reference gene selection
Eleven HKGs with previous record as the reference genes were selected as the candidate reference genes (Table 1) . PCR amplifications were performed in 25μl reactions containing 2.5μl
10×PCR Buffer (Mg2+ Plus), 0.5μl dNTP mix (10 mM of each nucleotide), 0.5μl of each primer (10μM each), and 0.25μl of TaKaRa Taq (5u/μl) (TaKaRa). The PCR parameters were as follows: 
Results

Transcriptional profiling of candidate reference genes
All genes tested were visualized as a single amplicon with expected size on a 2.0% agarose gel ( Figure S1 ). Furthermore, gene-specific amplification of these genes was confirmed by a single peak in real-time melting curve analysis ( Figure S2 ). A standard curve was generated for each gene, using a five-fold serial dilution of the pooled cDNAs. The correlation coefficient and PCR efficiency for each standard curve were shown in Table 1 . The mean and the standard derivation (SD) of the Ct values were calculated for all the samples (Table S1 ). EF1A (SD=0.68) had the least variable expression level and it was reflected in its low SD values. By contrast, 28S (SD=1.35) had the most variable expression levels, and it was shown in its high SD values. Additionally, 18S had the lowest Ct values (Ctavg=10.09),
suggesting that it had the highest expression level, whereas, Actin was the least expressed gene among the candidates (Ctavg=31. 62) (Figure 1 ; Table S1 ).
Quantitative analysis of candidate reference genes based on geNorm
To decide the minimal number of genes required for normalization, the V-value was computed by the geNorm. Starting with two genes, the software continuously adds another gene and recalculates the normalization factor ratio. If the added gene does not promote the normalization factor ratio over the proposed 0.15 cut-off value, then the starting pair of genes is enough for the normalization. If not, more genes should be incorporated. Here, the first V-value less than 0.15 were after V2/3 (Figure 2 ). This means that two reference genes were sufficient for reliable normalization no matter what the virus infection status of the insect.
The ΔCt method relies on relative pair-wise comparisons. Using raw Ct values, the average SD of each gene set is inversely proportional to its stability. As shown in Tables 2 and S2 (Table 2; Table   S3 ).
Comprehensive ranking of best reference genes using RefFinder
According to RefFinder, which integrates the above-mentioned four software tools to compare and rank the candidates, the comprehensive ranking of candidate reference genes from the most to the least stable was: HSP70, HSP60, EF1A, RPL32, ATPase, HSP90, NADH, 18S, Actin, 28S,  and Tubulin (Table 2) . Among them, Tubulin had GM value almost 10.0 (Table 2) , it had the lowest ranking and less suitable to serve as reliable reference gene for normalizing gene expression. EF1A; NF (1-3)], the TSWV-receptor gene expression levels were significantly higher in the viruliferous than in the nonviruliferous F. occidentalis (P<0.05) (Figure 3 ).
Validation of selected reference genes
Discussion
The large body of recent works clearly suggested that there are no "universal" reference genes that are stably expressed and applicable for all the cell and tissue types and various experimental conditions (Li et al., 2013; Zhu et al., 2014; Fu et al., 2013; Sinha &Smith, 2014; Shi et al., 2013; Yuan et al., 2014; Shen et al., 2010; Galetto et al., 2014; Wu et al., 2013; Yang et al., 2014) . Each candidate reference gene, however, should be evaluated under specific experimental conditions for gene profiling to ensure a constant level of expression (Thellin et al., 1999) . For examples, our study demonstrated that Tubulin was the least appropriate reference gene in F.
occidentalis (Table 2) , whereas, Tubulin was a suitable reference gene in F. occidentalis across different developmental stage and different temperatures (Zheng et al., 2014) . Zheng et al.,
(2014) focused on the selection of reference genes under the impacts of development and temperature in F. occidentali, while our study was mainly to investigate the expression profiles of 11 housekeeping genes in both the nonviruliferous and viruliferous F. occidentalis. In addition, our study demonstrated that the TSWV-receptor gene expression levels were significantly higher in the viruliferous than in the nonviruliferous F. occidentalis. Therefore, our study not only provides a standardized procedure for quantification of gene expression in F. occidentalis, but also lays a solid foundation for the study in the interactions between TSWV and F. occidentalis. There has been ongoing discussion about the optimal number of reference genes demanded for qRT-PCR analysis. Previously, gene expression studies have mainly used a single endogenous control, however, this will observably influence the statistical outcome and may result in inaccurate data interpretation (Ferguson et al., 2010) or it is simply insufficient to normalize the expression of target genes (Veazey et al., 2011) . To avoid biased normalization, more and more researchers have moved away from a single endogenous control and started to embrace the idea of using multiple reference genes to analyze gene expression (Li et al., 2013; Zhu et al., 2014; Fu et al., 2013) . Results from our validation study with a targeted TSWVreceptor gene are consistent with the multi-gene normalize concept, suggesting that the use of Summary of the 11 housekeeping genes tested in this study 
